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Target selected by presence of X-ray/radio structure indicative of AGN interaction with hot gas

A project to combine X-ray and low-frequency radio data
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• One of the most intrinsically luminous of the
100 Hickson compact groups: LX ≈ 1043 erg s-1

• Mgas ≈ 1012 Msun within ~20′
(Ponman & Bertram 93)

• VLA 1.4 GHz : S = 6.6 mJy

• Very clear, small X-ray cavities
(first detection in a galaxy group)

HCG 62HCG 62 (z = 0.014)

beam=18″×12″ 
lowest contour at 0.3 mJy/beam

(Vrtilek et al. 02)

• 63 galaxies within 50′
(Mulchaey et al. 03)

• central region dominated by
4 early-type galaxies
• NGC 4778 possibly
interacting with NGC 4761
(Spavone et al. 06)(Morita et al. 02)
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X-RAY DATA:X-RAY DATA:  CHANDRA CHANDRA 50 ks 50 ks (2000)(2000)

raw 0.5-2.0 keV ACIS
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X-RAY DATA:X-RAY DATA:  XMMXMM  90 ks 90 ks (2007)(2007)

mosaic 0.5-2.0 keV MOS+PN Unsharp masked image
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(new!) RADIO DATA:RADIO DATA:  GMRTGMRT  2h 2h (2008)(2008)

610 MHz:
r.m.s. = 65 µJy/beam

S = 12.8 mJy (6.9 mJy core)

235 MHz:
r.m.s. = 230 µJy/beam

S = 49.6 mJy (15.1 mJy core)

α235
610 = 1.42

(Giacintucci et al., in prep.)

P235 =2.1×1022 W Hz-1P610 =5.4×1021 W Hz-1

beam=14"x14" beam=14"x12"XMM Chandra
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L[10MHz-10GHz] = 4×1038 erg s-1

The radio luminosity is much less
than the mechanical power

⇒ radiative efficiency ~ 10-4

HCG62
   •

(Bîrzan et al. 08)

Pcav  =3.9×1042 erg s-1

LICM=1.8×1042 erg s-1

The AGN outburst is currently
supplying about twice the
power lost by radiation within
the cooling region

(Rafferty
et al. 06)

X-RAY / RADIO INTERACTIONX-RAY / RADIO INTERACTION
−  Energy budget −

GMRT @235 MHz

Chandra 0.5-2.0 keV
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Cavity N:

Beq,rev = 4 µG
PX / Pradio ~ 4
[PX / Peq,standard ~ 13 ]

Cavity S:

Beq,rev = 7 µG
PX / Pradio ~ 2
[ PX / Peq,standard ~ 8 ]

          Epr = k Eel

k = [6-27] required for
pressure equilibrium
→ “light” hadronic jets
(kstandard ~ few hundreds)

With “revised” (γmin=100)
equipartition (Brunetti et al. 97)

the cavities are closer to
pressure balance than are
with standard equipartition

X-RAY / RADIO INTERACTIONX-RAY / RADIO INTERACTION
− Pressure −

(work in progress…)
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SHOCK  FRONT SHOCK  FRONT −− SB profile SB profile

SB profile

Shock model - fit to SB

Rshock=35.7 kpc

GMRT @235 MHz

Chandra 0.5-2.0 keV
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~ 15% T rise expected
by shock model

measured
~14% T jump

post-
shock

pre-
shock

post-shock
pre-shock

(Gitti et al., in prep.)

SHOCK  FRONT SHOCK  FRONT −− T profile T profile

   Shock model properties:

• Mach = 1.45

• Energy = 6.2×1057 erg

• Age = 2.7×107 yr

• Power = 7.3×1042 erg s-1   ~2×Pcav
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TEMPERATURE  MAPTEMPERATURE  MAP

XMM hardness ratio map
(Chandra consistent)

Cool region along the N
cavity limbs

why not in the S one? 
 maybe heated by the
 passage of the shock
→ asymmetric shock?
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Summary on HCG 62Summary on HCG 62

• Strong example of the benefits of a combined X-ray/radio
   approach to the study of AGN feedback

• Low-frequency radio emission detected in the cavities

• Very low radiative efficiency ~ 10-4

• “Light” hadronic jets

• Detection of shock front with M ~ 1.45, Eshock~3×Ecav

• Total energy in shock + cavities ~ 8×1057 erg

    (Gitti, O’Sullivan, Giacintucci et al., in prep.)


